ABSTRACT. The marbled rockfish, Sebastiscus marmoratus, is an important commercially near-shore fish that inhabits the beach rocky bottom from Japan to the South China Sea. Eleven polymorphic microsatellite loci were developed from S. marmoratus and were used to identify polymorphisms in 30 samples from a wild population. The allele locus number ranged from 2 to 7. Polymorphism data content ranged from 0.032 to 0.751. The observed and expected heterozygosity levels were 0.0333-0.9667 and 0.0328-0.7675, respectively. Two loci, Smd1-112 and Smd2-80, deviated from Hardy-Weinberg equilibrium. These polymorphic microsatellite markers will facilitate further studies of genetic diversity and genetic differentiation of S. marmoratus.
INTRODUCTION
The marbled rockfish Sebastiscus marmoratus inhabits the littoral rocky bottom and is widely distributed in the East Sea and the South Sea of China, as well as from southern Japan to eastern Korea (Shen, 1993) . The rockfish is a viviparous, fiercely omnivorous fish that can reach a length of approximately 15-20 cm; some individuals reach 30-40 cm. S. marmoratus migrates within oceans, typically between feeding and spawning areas (Wourms et al., 1988) .
S. marmoratus is highly valued as a marine food fish and has a high worldwide market demand. The rockfish is a commercially important near-shore species in Japan and China (Kita et al., 1996) . Over the past few decades, the natural resource of the marbled rockfish has sharply decreased because of overfishing and heavy marine pollution. Therefore, S. marmoratus was classified as a national protected animal in the Marine Special Reserve of Zhejiang Province by the Chinese Government in 2006. To protect this natural resource and improve recovery strategies, studies examining the germplasm resources of S. marmoratus are urgently needed.
Microsatellite loci are powerful molecular markers that can be used to evaluate population genetic parameters, providing highly polymorphic and co-dominant information. It has been successfully used in genetic mapping, marker-assisted selection, population differentiation, and evolutionary studies (Li, 2006) . However, most of these studies in S. marmoratus were related to physiological and ecological aspects of the species (Mizue, 1959; Shiokawa, 1962; Watanabe, 2003; Yoko et al., 2006; Wang et al., 2005 Wang et al., , 2009 . Few microsatellite markers have been developed to examine genetic variation (Xu et al., 2010; Yin et al., 2012; Li et al., 2013) . The number of appropriate polymorphic markers is insufficient to carry out phylogenetic and population genetic on this species. In this study, 11 microsatellite loci were developed for population genetic analysis of S. marmoratus.
MATERIAL AND METHODS

Sample DNA extraction
Thirty S. marmoratus individuals were collected from the sea near Xiamen in China. Organisms were preserved in alcohol. Genomic DNA was extracted from the muscle tissue of wild S. marmoratus individuals using the TIANamp Marine Animals DNA Kit (Tiangen, Beijing, China). Extracted genomic DNA was examined by electrophoresis on an agarose gel and stored at -20°C until genotyping.
Microsatellite-enriched library construction and primer design
A microsatellite-enriched library was constructed according to the amplified fragment length polymorphism of sequences containing repeat protocol (Zane et al., 2002; Liao et al., 2007) . Genomic DNA was digested using the restriction enzyme MseI (Fermentas, Vilnius, Lithuania) at 65°C for 3.5 h. The digested fragments were ligated to synthesized MseI adaptors (5'-ACGATGAGTCCTGAG-3'; B: 5'-TACTCAGGACTCAT-3') by T4 DNA ligase (Fermentas). Next, 2 biotinylated probes [(GT) 15 ,(CT) 15 ] and Streptavidin Magnetic Sphere ® Paramagnetic Particles (Promega, Madison, WI, USA) were used to selectively enrich, capture, and wash the sample to obtain microsatellite-containing fragments. Fragments containing microsatellites were ligated to the pMD19-T vector (Takara, Shiga, Japan) and transformed into Escherichia coli DH5a competent cells (Takara) by heat stimulation. Positive recombinant clones ranging from 500-1200 bp were selected for sequencing by Invitrogen (Carlsbad, CA, USA). Sequencing data were scanned using the SSRHunter v1.3 software (Li and Wan, 2005) . Sequences containing microsatellite motifs and flanking regions were selected for polymerase chain reaction (PCR) primer design using Primer Premier 5.
PCR amplification and genotyping
The designed microsatellite primers were tested on the genomic DNA from 30 wild S. marmoratus individuals. PCR amplification was conducted in a 10-mL total volume containing 50 ng genomic DNA, 10X Taq buffer, 0.2 mM dNTP, 2 mM MgCl 2 , 0.25 U Taq DNA polymerase (Fermentas), 0.4 mM forward primer, and 0.4 mM reverse primer. The PCR conditions were 94°C for 5 min, followed by 32 cycles at 94°C for 45 s, annealing temperature for 45 s, and elongation at 72°C for 45 s, with a final extension at 72°C for 10 min. PCR products were separated on 6% denaturing polyacrylamide gels by referring to 10-bp DNA ladder marker (Takara) and visualized by silver staining.
Genetic data analysis
The data matrix was analyzed to estimate the basic genetic information index using the POPGEN32 (v1.32) software (Yeh et al., 1999) and CERVUS3.0 (v3.0).
RESULTS AND DISCUSSION
For the 217 positive clones, 159 (73%) contained microsatellite motif inserts, demonstrating that enrichment was highly effective. A total of 274 possessed microsatellite motifs (Table 1) , of which 88.7% (243) were dinucleotide repeats. The sequences were divided into 3 categories following the classification rules developed by Weber (1990) : 1) 226 perfect repeat sequences without interruptions in the runs of dinucleotides (87.6% of total); 2) 24 imperfect repeat sequences with 1 or more interruptions in the run of repeats (9.3%); and 3) 8 compound repeat sequences with adjacent tandem simple repeats of a different sequence (3.1%). When classified using the repeat sequence type, all sequences contained dinucleotide repeats, of which the repeat number of 71 repeat sequences was 5-9, while the repeat number of 172 microsatellite sequences was higher than 10.
Sixty-eight pairs of primers were designed for these clones using the Primer 5.0 software. Fifty-seven primer pairs containing the target regions were amplified by PCR amplification and tested in 4 S. marmoratus individuals. These primer pairs were initially tested on 30 S. marmoratus individuals; 11 primer pairs revealed polymorphic banding patterns. Characterizations of the 11 polymorphic loci are displayed in Table 2 . The results showed that the number of alleles ranged from 2 to 7, while the observed and expected heterozygosities ranged from 0.0333 to 0.9667 and from 0.0328 to 0.7675 using the POPGEN32 (v1.32) software. Two loci, Smd1-112 and Smd2-80, deviated from Hardy-Weinberg equilibrium (P < 0.00455). The results calculated by CERVUS3.0 (v3.0) indicated that the polymorphism Isolation of new microsatellite markers in S. marmoratus information content ranged from 0.032-0.751. These new microsatellite markers can be used to analyze the genetic structure of S. marmoratus and provide important genetic data regarding the conservation and recovery of S. marmoratus resources. N A = number of polymorphic alleles; Ta = annealing temperature; H O = observed heterozygosity; H E = expected heterozygosity; PIC = polymorphism information content; P HWE = P value for exact test for Hardy-Weinberg equilibrium (HWE) expectation test (adjusted P = 0.00455). *Indicates significant departure from expected HardyWeinberg equilibrium. 
